We investigate the SU(2) gauge theory with the domain-wall fermions. Our previous simulations with many flavors of the standard domain-wall fermions suffered from rather large residual mass that obstruct the study in the small mass region. To improve the domain-wall fermion action, we employ the link smearing technique that consists of the HYP smearing and the stout projection. On the previously generated configurations with the two flavors of the standard domain-wall fermions, we confirm that the improved domain-wall fermion operator indeed reduce the residual mass to a factor of five. Dynamical simulations with two flavors of improved domain-wall fermions are in progress.
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Introduction
The SU(2) gauge theory has recently been drawn much attention in search for a theory beyond the standard model as a candidate of technicolor theory [1] . It is also interesting from a view point of the spontaneous chiral symmetry breaking, since the symmetry breaking pattern of the SU(2) gauge theory with fundamental fermions
where N f is the number of flavors. To explore the chiral symmetry on the lattice, it is important to employ the fermion formulation that retains the chiral symmetry as exact as possible. Although the overlap fermions hold the exact chiral symmetry, because of its large numerical cost, in this study we adopt the domain-wall fermions as dynamical degrees of freedom and apply to numerical simulations with many flavors.
Our previous work with the standard domain-wall fermions [2, 3] showed that for N f = 2, 4, the systems are characterized by spontaneously broken chiral symmetry as same as QCD, while for N f = 8 such a feature seems to disappear in the massless limit. For more detailed analysis, in particular to clarify the marginal case of N f = 6, it is necessary to explore the vicinity of the massless limit. However, the rather large residual mass of the standard domain-wall fermion makes such analysis difficult. To access the small fermion mass regime, it is necessary to employ an improved domain-wall action such as the Möbius formulation [4] , the optimal domain-wall operator [5] , or the link smearing [6, 7] . To reduce the residual mass, it is efficient to reduce the low-lying eigenvalue density of the hermitian Wilson kernel in the domain-wall operator. Since this may be achieved by employing the link smearing technique, in this work we apply the link smearing to the standard form of the domain-wall fermion action.
In the next section we introduce the improved domain-wall fermion with the link smearing, and in Section 3 we examine the residual mass on the gauge configurations previously generated with the unimproved domain-wall fermions. Section 4 describes the dynamical simulations with two flavors. The last section gives our conclusion and outlook.
Improved domain-wall fermion
The domain-wall fermion operator is represented as
where m is fermion mass, 
As an improvement scheme, we adopt the HYP link smearing [6, 7] combined with the stout exponentiation of the smeared link [8] . The smeared domain-wall fermion action is obtained by replacing
The link smearing consists of a scheme to incorporate the extended paths of links, C µ (x), and a method to recast it into the gauge group,
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µ
As the projection method, the stout projection [8] 
is employed. For SU (2) 
holds, where f j 's are the functions of c 0 . The analytic form of the HMC force is derived with a little modification to the SU(3) case. The link smearing is recursively applicable. We recursively apply the smearing procedure Eq. (2.3) twice, and in the following, this improved domain-wall fermion is denoted by the stout-HYP(2) domain-wall or the HYP-DW fermion in short.
Effect of link smearing
We first examine the effect of improvement for the valence domain-wall fermions on the configuration ensembles that were previously generated with the Iwasaki gauge action and two flavors of the standard domain-wall fermions [2] . These configurations were generated on a 16 3 × 32 with M 0 = 1.6, L s = 16, and at several values of β and fermion mass m. The valence fermion is the stout-HYP(2) domain-wall action with L s = 16 and m val = 0.010. The smearing parameters are set to α 1 = 0.95, α 2 = 0.76, and α 3 = 0.38 [9] . Figure 1 shows the M 0 dependence of the residual mass for the HYP-DW action on the ensembles generated at (β , m) = (0.85, 0.050) and (0.90, 0.050). In each ensemble, 80 configurations are used for the measurements. The residual mass is indeed reduced by about factor 5 compared to the unimproved domain-wall fermions: m res ≃ 0.030 (at β = 0.85), and m res ≃ 0.013 (β = 0.90). At both the values of β , the residual mass takes the minimum value around M 0 = 1.6 with mild M 0 dependence around this value.
The residual mass is related to the low-lying eigenvalue density of the hermitian Wilson kernel H W = γ 5 D W [10] . Figure 2 displays the eigenvalue distributions of the Wilson kernel with M 0 = 1.6 with and without the link smearing, respectively. The link smearing indeed reduces the low-lying eigenvalue density of H W by about factor 5.
Dynamical simulations
Motivated by the results in the last section, we perform dynamical simulations with two flavors of the stout-HYP(2) smeared domain-wall fermions on a 16 3 × 32 lattice. We adopt the Iwasaki
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Hideo Matsufuru We first measure the Wilson loops at every five trajectories and extract the static fermion potential. The left panel of Fig. 3 shows the fermion mass dependence of the lattice scale set by the hadronic radius r 0 by setting r 0 = 0.49 fm. The result shows mild dependence of r 0 on the fermion mass m, and the lattice spacing a smaller than the corresponding result of the standard domain-wall fermions. The right panel of Fig. 3 displays the residual mass m res of the domain-wall fermions. The residual mass is measured at the valence mass equal to the sea fermion mass. As expected, the values of m res are significantly reduced by the link smearing.
On each dynamical ensemble, the meson mass is measured for several valence fermion masses. We first measure the meson correlators with local operators at the source and sink. Figure 4 shows the valence fermion mass dependence of the squared pseudoscalar meson mass m PS on ensembles of m sea = 0.010 and 0.050. The valence fermion mass includes the residual mass measured at each
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Simulation of SU (2) value. Both the results show a linear dependence of the m 2 PS on the fermion mass. While the result of m sea = 0.050 exhibits small intercept at the massless limit, it disappears on the m sea = 0.010 ensemble. More detailed analysis is in progress.
Conclusion and outlook
To explore the small fermion mass region, we investigated the domain-wall fermion improved by the link smearing. Applying the stout-HYP smearing twice to the link variable in the fermion operator, we observed that the residual mass is significantly reduced compared to the unimproved domain-wall operator. Application to the N f > 2 cases is underway. It is also straightforward to apply to the adjoint domain-wall fermion [3] .
The spectrum result of dynamical simulation with two flavors indicates that by setting the fermion mass sufficiently small the ε-regime simulation, in which the pion Compton wavelength is much larger than the system size, may be possible with e.g. adopting L = 8 lattice. Comparison
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